Introduction
Economic growth in East Asia including Korea, China and Japan has led to a rapid increase in the abundance of atmospheric aerosols over the past few decades (Akimoto, 2003; Streets et al., 2003) . The transport of aerosols from the Asian continent can be observed from satellite observations Lee et al., 2006) , and has shown enhancement of the aerosol optical depth over the Yellow Sea. The fine mass concentration of particulate matter (PM 2.5 ) has been measured at background sites located off the Korean peninsula, such as Taean, Kanghwa and Gosan. However, these sites have relatively cleaner air with less influence from local pollution Lee et al., 2007) . Studies have occasionally found PM 2.5 mass concentrations exceeding the US NAAQS annual PM 2.5 standard due to the influence of the long-range transport of aerosols from the Asian continent. The capabilities of recent satellites now provide an unprecedented opportunity to observe and monitor the dynamics of the earth's surface simultaneously from numerous perspectives (White, 1976; Kim et al., 2001; DeBell et al., 2006; Malm and Hand, 2007; Pitchford et al., 2007; Jung et al., 2009a) as well as monitor the effect of radiative forcing by the haze (Charlson et al., 1992; Haywood and Shine, 1995; Ramanathan et al., 2001; Yoon and Kim, 2006) . More currently, Chang et al. (2012) proposed an innovative classification tool to classify high-resolution imagery taken by FORMOSAT-2 (FS-2), with the intention to map burned areas of rice paddy fields during harvest season. They provide visualized and accurate estimations for rice straw open burning in Taiwan.
The technique of remote sensing provides a twodimensional synoptic view with high spatial resolution. This method can be used to observe emissions from burning over Published by Copernicus Publications on behalf of the European Geosciences Union.
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Minsyong Township in Chiayi County in southwest Taiwan. The green markers in the satellite images show the distribution of the rice paddy areas (Fig.1) . long periods of time, even at isolated locations. After the rice harvest in Taiwan, the left-over straw is often burned on-site. The air pollutants produced by the burning emissions (such as PM, CO, NOx) can cause serious environmental pollution and poor air quality. In addition, the burning of straw near roadsides in Taiwan can lead to traffic safety concerns due to poor visibility. There is also an issue related to global environmental change. It is commonly accepted that warming results from large amounts of greenhouse gas emissions. According to the International Energy Agency (IEA)/OECD, the total amount of CO 2 emissions in Taiwan in 2008 was 264.29 million tons, accounting for 0.9 % of total global emissions. This meant that it was 22nd in global ranking, with per capita emissions of 11.53 tons, which was more than Japan, Korea and the OECD average, the 17th in the global ranking. Although the primary source of emissions is mainly from heavy industry, the burning of straw did result in regional air pollution and dumped large amounts of greenhouse gases into the atmosphere.
Here, we present a general overview of variations, and develop a suitable remote sensing method to carry out a wide range of image capture and data analysis as well as enhance the accuracy of the information acquired. Satellite images acquired from FORMOSAT-2 have high spatial and temporal and multi-spectral features, and can be used to carry out large-scale regional monitoring for image capture in Taiwan area, so it is one of the main tools used in this study. Although the spatial resolution is 2 m, it still requires manpower to collect ground truths and validate the classified results. In order to improve the accuracy of determination and avoid climatic factors, we also used high spatial resolution photographs from unmanned aerial vehicles (UAV) to provide an alternative source of ground truth. Therefore, the manual interpretation from UAV aerial photos presents evidence confirming the accuracy of satellite images for conducting environmental monitoring. With this method the goal is to achieve high efficiency and accuracy. The methodology and data collections are same as in Chang et al. (2012) as well as the study area.
Study area
Chiayi County is located on the Chianan Plain of southwestern Taiwan. It is characterized by flat and open terrain, suitable for rice paddies. The main agricultural crop in this area is rice, making Chiayi County one of the top five rice producing counties in Taiwan. The rice growing area is also close to densely populated areas in the township and has a highway running through it. Many local people complain about the poor air quality due to the open air burning of the rice straw after the harvest. We used the exact geographic coordinates of paddy field burning obtained (Fig. 1) .
Data collection
The selected study area included the surroundings of Xikou Township in Chiayi County (Fig. 1) . Classification of the area for this study was conducted using intensive images acquired by FORMOSAT-2 with its high re-visit incidence to the study areas during the rice harvest of 2008 and 2009. To sum up, there were effective images obtained for four periods before and after the harvest in 2008, and for six periods in 2009 (Fig. 2) . The selected study area included the surroundings of Xikou Township in Chiayi County (Fig.1) . Classification of the area for this study was conducted using intensive images acquired by Formosat-2 with its high re-visit incidence to the study areas during the rice harvest of 2008 and 2009. To sum up, there were effective images obtained for four periods before and after the harvest in 2008, and for six periods in 2009 (Fig.2) .
The image selection rule was made before the rice harvest for the same area and the post images were orthorectified; the selected dates were 2008/11/13 and 12/3, 2009/11/10 (Fig.3) and 12/4 (Fig.4) . We also use the results of manual ground inspection to conduct GPS geolocation for the marking of burned areas (Fig.5) . The image selection rule was made before the rice harvest for the same area and the post images were orthorectified; the selected dates were 13 November 2008 and 3 December, 10 November 2009 (Fig. 3 ) and 3 December (Fig. 4) . We also use the results of manual ground inspection to conduct GPS geolocation for the marking of burned areas (Fig. 5) .
Calculation of carbon emissions
According to the study of Gadde et al. (2007) , the straw to grain ratio (SGR) is 0.75, which is in line with statistics for the Taiwan's annual rice production obtained from the Agriculture and Food Agency of the Council of Agriculture (COA). From these data we can calculate back to find the total amount of left-over rice straw per rice harvest (Gadde et al., 2009 ).
-Q SSFB : Amount of straw burned per period -P RR : Total rice production per period -SGR: Straw to grain ratio -0.75 -Q SFB : Burned proportion of rice fields (%) Gadde et al. (2009) also surveyed former studies to determine the various gases and particulates generated when the straw is burnt, as shown in Table 2 .
Based on E a = Q SSFB × EF a ×f Co (Formula 1) (Gadde et al., 2009) , the following can be defined: -E a : Total gas emissions; -EF a : Emission factors of various gases from burning rice straw; and -f Co : Burning factor, 0.80 (burnt proportion).
After carrying out a calculation based the above information, we obtained the total carbon emissions from the open burning of rice straw in the second crop area for 2008 and 2009, as shown in Table 4 .
Conclusions
The study results show that this supervised classification method could be used to make the correct classification of the extent of the straw burning area from multispectral FORMOSAT-2 images and other data for the training area after completing orthorectification. we took the partial ground truths and validated the classified results from the manual audit as the basis of supervised classification, and used the rest for independent checkpoints. We successfully classified 14 checkpoints out of 16. Although the remaining two were classified as unburned areas, there were still burn marks on adjacent farmlands. We suppose that this might have been the result of the tolerance of the handheld GPS when collecting the seismic data, or that the recording staff had not actually entered the paddy fields. The accuracy obtained by re-examining the classification results was 87.5 %, which proves that this method is reliable. NOX g kg −1 dml 3.1 (Kadam et al., 2000) This EF is for cereal waste burning (Ortiz de Z'arate et al.,2000) SO 2 g kg −1 2 (Jenkins and Bhatnagar, 1991) This EF is in contradiction with another EF for general crop residue burning reported by Habib et al. (2004) . It is due to disparity in the straw sulphur content.
Total particulate matter (TPM) g kg −1 dry fuel 13 Ortiz de Z'arate et al.(2000) No specific reference for rice straw. This EF is specific to TPM for cereal waste and is consistent with EF from Andreae and Merlet (2001) .
Fine particulate matter (PM 2.5 ) g kg −1 dm 12.95 (Hays et al., 2005) This EF is specific for open field burning of rice straw.
PM 10 g kg −1 dry fuel 3.7 (Kadam et al., 2000) This EF is matched other data found in the literature including Badarinath et al. (2006) and is specific to rice straw Polycyclic aromatic hydrocarbons (PAHs) mg kg −1 dry fuel 18.62 (Keshtkar and Ashbaugh, 2007) This EF is specific to rice straw alone. Gullett and Touati, 2003) This EF is specific to rice straw alone and is indicated in other studies as well (Shiha et al., 2008) Dm * = material burning areas accounted for 10 % of the total paddy field area, which is several times more than the 2 % reported by agricultural authorities from self-gathered statistics. In addition, people in Yunlin, Chiayi and Tainan generally consider the open burning of rice straw the main factor behind poor air quality. The study determined that more than 10% of the total paddy area was burnt, which is more in line with the current actual situation. The high spatial resolution and daily re-visit incidence of the images from FORMOSAT-2 could provide responsible governmental units with prompt and accurate information about the open burning of rice straw so that appropriate measures can be taken to remedy the situation. In Asia countries, rice straw open-field burning is practiced for the particulate matter (PM) and PAH concentrations during rice straw open burning. Rice straw open burning has been one of the important sources impacting air quality in Taiwan recently. The open burning significantly impacts visibility, and particulate matter produced by rice straw open burning impacts air quality in closed-up surroundings. Chang et al. (2012) verified the field data, with an overall accuracy of 87 % for distinguishing among the 6 cover types of rice paddies, indicating that 27.3 % of the paddies within the research area were openly burned. However, the valuable results concluded that the innovative approach is helpful to engineers for utilizing the remote sensing resources and achieving better efficacy on environmental commitments, environmental strategies, and environmental protection both more effectively and efficiently. Moreover, the main contribution of present study is to provide resultant data collected in [2008] [2009] for understanding open straw burning and carbon emission detection. Future observations and data analysis are already planned in order to evaluate the characteristics of organic compounds in the biomass open burning, and its impact on the human biological community.
